Summary: An automatic sleep analysis system using a super minicomputer was developed. The system improved and expanded the data processed by the mini-computer. It had the following features: 1) waveforms were collected and analyzed at a high speed (reproduced at 10 or 20 times the speed of a data recorder) by an off-line procedure to utilize the computer resources more efficiently; 2) all information and the original wave-forms were output to a laser printer because of the lower cost and more efficient arrangement of the data; 3) various wave-form parameters were measured by wave-form analysis; 4) the application program was based on general-purpose language; and 5) wave-form reanalysis and reconstruction of the logic was easily implemented for automatic evaluation of the sleep stages. Automatic analysis of the sleep stages was impossible for 15 of 1484 periods (20 sec per period) with one of the cases analyzed , and 142 of 1484 periods had to be corrected because of erroneous identification.
Introduction
Automatic analysis of polysomnograms by computer to support studies on sleep is becoming more common. An automatic sleep analysis system was developed by an on-line real-time procedure using a mini-computer (HewlettPackard, HP-2108A), and an experiment was performed to confirm the accuracy of the analysis (Kuwahara et al. 1988 ).
The system was also used in sleep experiments involving the administration of drugs (Mizuki et al. 1988; Tanaka et al. 1988 ). However, marked advances have occurred in computer technology in recent years, and this system is already out-of-date. The conventional analyses were improved, expanded, and transferred to a super mini-computer to construct an automatic sleep analysis system for more practical use. An off-line high-speed pro- The data obtained with the data recorder was reproduced at 1'0 times speed (20 times speed possible). The reproduced EEGs, EMGs and EOGs were stored as serial digital data on magnetic tape and simultaneously sampled through the AD converter at 5 KHz for the EEGs and EMGs, and 1 KHz for the EOGs (500 Hz and 100 Hz in real time equivalent, respectively). A variety of information, including elapsed time, was added to the data and then printed out by the laser printer. The result represented a recording of the original wave-form, instead of a recording on polygraph paper (Fig. 1 Fig.1 . 2-channel EOG, EMG and EEG (C4-A1, C3-A2) records are shown from top to bottom. Time axis, real time, elapsed time, identification of subjects, number of periods, and calibrations (50 V) were added to the records, which were then printed with a laser printer. Stage 2 sleep is shown at the top, and stage 3 sleep at the bottom. The print-out was designed so the two periods would fit on a size B4 page. Figure 2 shows the results of an automatic analysis of the sleep records (about 497 min) of a male student (22 years old) on the second night. Highspeed wave-form collection took 49.5 min, wave-form analysis took 19.9 min, and evaluation of the sleep stages took several minutes. Printing out the original wave-form records (Fig. 1) took the most time, 164 min. The computer allows simultaneous processing without the problems that can occur during paper recording by polygraphs. Using the computer is also less expensive (ordinary paper is used), In MT, the 9 2 and y waves were increased as a result of mixing with the EMGs (Fig.  2) .
Sleep parameters 
